and the machines and appliances require to be specially designed.
Medical experience, for example, points to the need of an electron speed such that the resulting X-rays shall be as penetrating as the fy-rays from RaC. But even with a difference of potential of 170,OOG volts between the electrodes of the tube we can only get a ray about half as penetrating as this.
Unfortunately the wave-length of the most penetrating y-rays from radium turns out to be shorter than was originally anticipated, and recent experiments go to show that the minimum potential difference required to produce a similar ray from an X-ray bulb would be 600,00.0 volts. Even this figure can only be approximately hinted atit may actually prove to be nearer 2,000,000 volts.
Possibly the great electrical difficulties thus foreshadowed may hearten the shareholders of radium companies, but it is nevertheless a disappointment to radiologists to find that the prospect of producing such a radiation is still far off. In addition to the requirements of medical practice there are other calls for highly penetrating rays, metallurgists are asking for a machine that will give 300,000 volts. For instantaneous radiography in medical institutes large currents.are also needed at these high voltages, so that the demand in this. respect is, in fact, always ahead of the supply. In some cases, the power put into the tube itself has exceeded 14 kw., or nearly 20 h.p.
This represents one end of the scale. On the other hand there is. the radiography of wood and a wide range of other uses necessitating only moderate electrical plant. There are also the needs of the Army and Navy, as well as many special applications, and it therefore becomes. a question whether one type of apparatus can best fulfil all these requirements. It is, in fact, a large subject and difficult to generalize upon. In some cases the highest' power is needed, and weight and portability are comparatively unimportant, whereas in other applications portability is the chiqf desideratum.
So far, the principle of electrical induction provides the most practical way of producing the high-tension electricity for X-ray work, but let us not be neglectful of other possible means. If we now look mainly to electrical engineers to solve the difficulties connected with the large-scale production of electricity for this purpose, there is much left for the physicist to do in trying to improve still further the X-ray tube itself. We must find some new plan whereby the energy supplied to the tube will reappear as X-radiation rather than as heat radiation. At present the tube is the most inefficient part of a modern high-power outfit.
Whatever differences of opinion the discussion may bring out as to the merits of this or that scheme of work, it is clear we shall agree at least' that all present-day methods are complicated, and usually wasteful. We shall also probably agree that for work requiring a large expenditure of energy the alternating-current transformer meets the case better than any other apparatus so far devised.
One outstanding feature of the induction coil, however, is the suddenness of the rise of secondary potential to a sharp maximum when the primary current is broken. This gives less heat in the tube and is a great advantage over the more rounded peak of the secondary potential curve obtained with an alternating-current transformer. I -shall refer again to this later on and venture to suggest a plan by which the transformer may be persuaded to imitate the coil in this respect. But first I should like to refer briefly to coil design.
The induction coil has much to recommend it. The simplicity and absence of moving parts are great advantages. In reality the interrupter is the " fly in the ointment " here, for therein lies our principal limitation, and our troubles are divided between it and the condenser. Cariously the shape of the 'condenser is of importance, for of two condensers with the same capacity the one having long narrow leaves is not so effective as one in which the leaves are nearly square. I *do not remember having seen this question referred to previously, and it will be interesting to know what has been the experience of others.
It must be borne in mind that electricity supply is not universally on the alternating-current system, and an a.c. generator is an expensive addition to an already costly outfit. For smaller installations the coil will hold its own for a long while yet, I think, and attention should be -given to its design, and especially to the question of the improvement of interrupters. One of the causes of coil breakdown during the war was fracture of the wax during transport. It is suggested that a fairly thin oil could be used as an insulator, thin enough to draw off before transport, and it should be possible to replace the oil without creating air cavities. The secondary could be wound with No. 36 aluminium wire and thus save one-third of the weight of copper. An improvement from an army point of view could also be effected by using a removable core. A coil so designed would be extremely portable on account of the distribution of weight. From what has been seen of captured German X-ray apparatus used during the war, it appears that the question of dividing the several sections of the outfit, so that many small transport cases are used instead of a few very large and heavy ones, has received careful attention. If aluminium wire is used there is no need to increase its thickness owing to inferior:electrical conductivity as compared with copper, because the current-carrying capacity of No. 36 copper wire is already well in excess of what is actually required. It would seem, in fact, desirable to use more turns of a thinner gauge so as to obtain a higher potential difference At the secondary terminals, but experience shows that for some unknown reason No. 36 is the best size.
The weakest point of a coil outfit is undoubtedly the condenser. Since the end of the war dozens of coils have been returned from France quite sound in all other respects. I would suggest that an alternative path should always be provided to carry off any excessive surges of current into the condenser. Recent experiments in this direction at the War Office X-ray laboratory have shown that a condenser, while in use, may be short-circuited through a water resistance (3 in. of tap water, using fine copper wires just dipped below the surface) with only a reduction of 20 per cent. of the coil output. When an oscilloscope tube replaced the water, nolappreciable loss of output was noticed, although the vacuum tube lighted up brightly. Its life was short. Finally, three 16-c.p. 250-volt carbon-filament lamps in series joined across the condenser terminals proved quite satisfactory.
The filaments glowed a dull red, and irregular surges of current were indicated by momentary brightening of the lamps, but there was no appreciable reduction of coil output and the plan will, I hope, reduce condenser breakdown in future to a minimum. Now the value of the interrupted current that may be safely used with a coil is limited, owing to the flare when the primary current is broken. Interrupters are frequently imperfectly designed and constructed. Experiments with tantalum blades are required, for in tests already made there is indication that flare can be reduced by this means. It is interesting to notice that, although tantalum is not " wetted" by mercury, it nevertheless gives a perfect contact. The arc at break occurs in that case between the practically non-vaporizable tantalum and the mercury, and the speed of the motor assists in giving a sharper interruption of the circuit. In other cases the high surface tension of the mercury determines the suddenness of the rupture. The behaviour of an interrupter may be conveniently studied by screwing a cup-shaped vessel into the body of the apparatus and stretching over its wide mouth a small sheet of thin rubber. The pulsations of this for variable gas pressure within can be communicated to a suitably light lever system and records taken upon a revolving drum. Experiments at the War Office X-ray laboratory show that undue flaring is immediately detected by this means, and comparisons may readily be made. Absence of flare is also necessary to ensure the efficient action of the mechanical rectifier. An attempt is being made to design an interrupter that will break 20 amp. quietly and continually without overheating. I wish to emphasize the importance of accuracy in the construction of interrupters and to direct attention to the need of careful alignment of all symmetrical parts. It may also be appropriate to refer briefly to the constant high-tension machines made by Messrs. Evershed and Vignoles and to see what prospect there is of utilizing them for the generation of X-rays. The maximum potential difference obtained so far with any one small machine is 2,500 volts, and the usual practice consists in linking up three machines in series, each to give 1,800 volts. Thus a set for laboratory use gives about 5,000 volts, the potential difference being directly proportional to the speed. An output of 15 ma. can be obtained in this way, But insulation difficulties at higher potentials seem to exclude the possibility of developing this plan for X-ray work.
Passing over the question of measuring instruments, I come finally to some notes upon the transformer. Most of the discussion that is to follow will probably centre mainly around this means of suppl'ying the X-ray tube with energy on a large scale. The design of transformers has reached a high degree of petfection. Their electrical efficiency is remarkable, but where very high-tension work is concerned (such as in X-ray technique) and a rectifying disc is spun by a synchronous motor, the weak spot of the installation practically always seems to be the insufficient guarding of the armature windings from induced surges of current. But with the rectifier out of action the plant is useless, and it is hoped that this vital point will receive attention during the discussion. Earthing through a condenser, or other means of assisting the insulation of the armature to withstand the strain put upon it, is essential. The reliability of this type of apparatus in skilled hands is, however, remarkable. I know of one institution where over 60,000 radiographs have been taken during the war with a large outfit, and the apparatus is still in perfect working order in spite of the fact that about 40 ma. were used for each exposure.
One serious objection to the transformer arises, however, from the form of the secondary P.D. wave. The behaviour of an X-ray tube appears to show that the electrons are not instantly fired out from the cathode on the application of the potential difference to the electrodes. Where a coil is used, the potential difference rises so rapidly to a maximum that there is not much time for the electrons to be shot out before such a potential gradient is created that their speed is high and their number considerable. The slower rise and fall as indicated by the shape of the transformer P.D. curve give time for electrons to be ejected at speeds too low for useful X-ray work, and thus the target is heated by impacts that merely waste their energy in heat. It is generally agreed that a steeper P.D. wave is required with transformers, and I venture to suggest a plan whereby this may be obtained for any given installation. In 1895, and about six months before. the discovery of X-rays, Messrs. Barr, Beeton and Taylor published a paper in the Electrician' dealing with the question of changing the shape of alternator wave-forms. They keyed to their experimental alternator a special commutator called by them an " injector," by means of which inductance or capacity, or both, could be introduced into the circuit at regular intervals. In this way remarkable distortion of the original wave-forms was obtained without sparking.
In 1911 another experimenter constructed an alternator that gave a sharp peak on one side of the zero line and a suppressed loop on the other. It was found to work well. But in actual practice the power ' Electrician, June 21, 1895, p. 257. has almost invariably to be taken from a main supply and we have to make the best of the wave-form given by the generating station. This is governed by several factors, the shape of the pole pieces in the alternator, the arrangement of the armature coils, &c., but it is never an accurate sine wave and generally rises first quickly, then tends to flatten a little, and finally rises more rapidly to a rounded peak and falls symmetrically. It is therefore suggested that this wave be distorted synchronously by keying an " injector " to a small synchronous motor and connecting it in series with the main supply and the transformer. In this way a wave-form could be obtained which would render the rectifying disc unnecessary. The installation would not only be less costly, but weigh less, occupy less space, and be highly efficient for the requirements of X-ray technique.
High-tension Transformers for X-ray Work.
By RUSSELL S. WRIGHT. THERE are probably very few scientific instruments on which so little systematic research work has been accomplished as the subject of this paper. We have not yet even reached a satisfactory classification as regards either output or efficiency. As regards induction coils, which are of course a definite type of high-tension transformer, we have these as a rule merely catalogued by spark length and occasionally advertised as "intensified," a wonderful phrase suggesting that the instrument has been accorded sonme special treatment which mysteriouslv increases its output.
In the case of an induction coil especially it may be admitted at once that the problem is a difficult one. We are dealing, not with a continuous output, or even a sinusoidal wave, but with a succession of "peaked" oscillations of varying wave-form and varying periodicity, interspersed with an "inverse" discharge which must be eliminated, and in the elimination of which some of the useful output is bound to be similarly absorbed.
An advance upon the spark-gap method of measurement has undoubtedly been taken by stating how many milliamperes a certain coil will pass through an X-ray tube of a given alternative spark gap, but this classification is still anything but satisfactory. It is quite
